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Abstract

In Cote d’Ivoire, climate change is increasing the frequency of dry spells, thereby threatening cotton production, which
is highly dependent on rainfall. This study analyzes the probability of dry spells lasting more than 10 days during the
different growth stages of cotton in Ivorian cotton production areas. Results show that after sowing, dry spell
probabilities are moderate in the North (<35%), but high in the Center (up to 63%) and the South (up to 67%). During
the flowering stage, risks remain low in the North (<20%) but reach 70% in the Center and 94% in the South. At the boll
opening stage, conditions are generally favorable, with dry spell occurrence probabilities ranging between 50% and
97%. This spatio-temporal variability in dry spells highlights the need to adjust sowing dates based on seasonal
forecasts and to promote drought-tolerant varieties, along with soil-water conservation practices.
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1. Introduction

Climate disruptions are among the main challenges facing countries worldwide, with particularly severe impacts in
West Africa, notably in Céte d’'Ivoire, where the economy remains highly dependent on agriculture. These disruptions
are especially evident in changes in rainfall patterns and reductions in annual rainfall totals [1, 2]. Agriculture, a key
driver of Cote d’'Ivoire’s economy and development, is predominantly rainfed. As a result, it remains one of the sectors
most vulnerable to climate disturbances. Indeed, the success of an agricultural season, whether for annual or perennial
crops, depends on the total rainfall received during the year, the timing of rainfall onset, its distribution throughout the
growing season, and any interruptions during the vegetative phase or delays at harvest [3].

As in other agricultural areas in the country, where climatic conditions determine the most suitable crops, these climate
variations pose a real threat to cotton production in Céte d’'Ivoire [4, 5]. Indeed, climate degradation, marked by the
increasing frequency of dry spells during the crop growth cycle, particularly during the flowering stage, poses numerous
problems for cotton cultivation. Dry spells are defined as periods of varying length without rainfall occurring during the
rainy season. They therefore correspond to abnormal or prolonged interruptions of rainfall, which can lead to water
deficits for the plants [6]. These dry spells result in reduced yields, disruptions in sowing dates relative to the cropping
calendar, seed loss, and, in some cases, abandonment of cotton cultivation in favor of other crops [7, 8]. When dry spells
coincide with sensitive stages of crop development, such as flowering or fruiting, they can severely disrupt plant growth
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and reduce agricultural yields. For example, in Cote d’Ivoire, the 2015/2016 season recorded an unprecedented average
yield of 772 kg-ha™, likely linked to climatic disturbances (deficits at the sowing and boll-formation stages), which may
have influenced yields [9]. Thus, the impact of climatic dynamics on cotton cultivation may also be explained by the
increasing difficulty in anticipating dry spells, further complicating the planning of sowing dates [10].

Considering these observations, it is essential to characterize the risks associated with the occurrence of dry spells
across the cotton growth cycle in Cote d’'Ivoire’s production areas.

2. Materials and methods

2.1. Study area

The Ivorian cotton basin is located between 5°75" and 10°75’ North latitude and between 3°5’ and 8°5’ West longitude.
According to the new administrative division of Cote d’lIvoire, this area extends across six administrative districts:
Denguelé, Woroba, Sassandra-Marahoué, Savanes, Vallée du Bandama, and Yamoussoukro [11]. Twelve localities were
selected for this study. These sites represent the main agroclimatic conditions of the cotton production areas in Cote
d’lvoire (Figure 1).
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Figure 1 Cotton production area in Céte d’Ivoire

2.2, Data analysis

In West Africa, and particularly in Cote d’'Ivoire, most rainfall disturbances have been observed since the 1970s [12].
Therefore, this study is based on data collected from 1971 to 2016, which also corresponds to the common time series
available for the twelve selected meteorological stations. These data were reviewed and validated by SODEXAM and
supplemented with data from the Central Laboratory for Soils, Water, and Plants (LCSEP) of the National Center for
Agronomic Research (CNRA).

The plant material used in this study is cotton (Gossypium hirsutum). In Cote d’Ivoire, the cotton varieties currently
disseminated were developed by the CNRA. These are generally conventional white-fiber varieties of medium length.
The development cycle, from germination to the opening of the first bolls, lasts on average 120 days.

Plant responses to water stress depend on their physiological capacity to withstand both the intensity and duration of
the stress, as well as on the developmental stage at which the stress occurs. Therefore, for the nine potential sowing
dekads identified (from the first dekad of May to the third dekad of July), the maximum dry spells and the probabilities
of occurrence of those longer than 10 days were determined and analyzed for each cotton growth stage using Instat+
V.3 037. This software is a statistical tool for agro-climatological data analysis and functions as an agro-meteorological
simulation model [13].
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3. Results

3.1. Occurrence of dry spells after sowing

Prolonged dry spells after sowing expose farmers to an increased risk of replanting. The sowing periods associated with
high probabilities of dry spell occurrence vary across the different areas of the cotton basin.

In the Northern zone, the probabilities of dry spells longer than 10 days after sowing are below 35% and vary depending
on the sowing dekad and locality (Figure 2). In the Central zone, the probabilities of dry spells exceeding 10 days after
sowing are less than or equal to 30% from the first dekad of May to the first dekad of June, except for the first dekad of
May in Mankono, where it reaches 42%. For the other dekads, probabilities increase, ranging from 36% to 63% across
all studied localities (Figure 3). In the Southern zone, the probabilities of dry spells longer than 10 days range from 13%
to 33% from the first dekad of May to the second dekad of June in the localities of Bouaflé and Bouaké. Beyond these
dekads, probabilities vary between 40% and 67%. In Béoumi, probabilities remain below 35% only during the May
dekads and range from 27% to 45% during the remaining dekads. In Vavoua, only the third dekad of May records a dry
spell probability of 30% (Figure 4).
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Figure 2 Probability of occurrence of dry spells longer than 10 days, after sowing (Northern zone)
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Figure 3 Probability of occurrence of dry spells longer than 10 days, after sowing (Central zone)
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Figure 4 Probability of occurrence of dry spells longer than 10 days, after sowing (Southern zone)

3.2. Occurrence of dry spells during flowering

Water availability during the flowering phase, which lasts approximately 50 days, is one of the main factors influencing
crop yield. Accordingly, for each sowing dekad, the risk of dry spell occurrence was analyzed.

In the Northern zone, the probabilities of dry spells longer than 10 days are generally low across the different sowing
dekads. They range from 0% to 20% in Boundiali and Korhogo. In Odienné, except for the last two dekads of July, the
probabilities of dry spell occurrence are nearly zero. In Ouangolodougou, low probabilities are observed from the
second dekad of May to the second dekad of July (Figure 5). In the Central zone, at Dabakala, Katiola, and Mankono, the
probabilities of dry spells longer than 10 days range from 36% to 70% for sowings carried out between the first dekad
of May and the second dekad of June, as well as for sowings in the third dekad of July. In contrast, for sowings conducted
between the third dekad of June and the second dekad of July, probabilities are relatively low, ranging from 14% to 33%.
At Niakaramadougou, probabilities are high for the first two sowing dekads of May, at 46% and 39%, respectively. They
gradually decrease to below 20% between the second dekad of June and the second dekad of July, then rise again in the
third dekad of July to reach 61% (Figure 6). In the Southern zone, the probabilities of dry spells longer than 10 days
range from 43% to 94% for sowings carried out between the first dekad of May and the second dekad of June. They
gradually decrease to below 35% for sowings conducted between the third dekad of June and the second dekad of July,
then increase again for sowings in the third dekad of July, exceeding 40% (Figure 7).
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Figure 5 Probability of occurrence of dry spells longer than 10 days during the flowering stage (Northern zone)
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Figure 6 Probability of occurrence of dry spells longer than 10 days during the flowering stage (Central zone)
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Figure 7 Probability of occurrence of dry spells longer than 10 days during the flowering stage (Southern zone)

3.3. Occurrence of dry spells at boll opening

After the opening of the mature boll, the cotton lint becomes exposed. Harvesting can begin one week after boll opening,
but it is preferable to wait at least 20 days. During this period, heavy rains can negatively affect cotton quality, so dry
conditions are essential at this stage.

In the Northern zone, at boll opening, the highest probabilities of dry spells for longer than 10 days are observed for
sowings carried out from the second dekad of June in Ouangolodougou and from the third dekad of June in the other
localities. Probabilities can reach up to 97% (Figure 8). In the Central zone, the highest probabilities of dry spells
exceeding 10 days are observed for sowings conducted after the first dekad of June, with probabilities reaching up to
97% (Figure 9). In the Southern zone, at boll opening, the probabilities of dry spells longer than 10 days range between
50% and 87% from the third dekad of June to the third dekad of July across all localities (Figure 10).
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Figure 8 Probability of occurrence of dry spells longer than 10 days during the boll-opening stage (Northern zone)
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Figure 9 Probability of occurrence of dry spells longer than 10 days during the boll-opening stage (Central zone)
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Figure 10 Probability of occurrence of dry spells longer than 10 days during the boll-opening stage (Southern zone)
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4. Discussion

The interannual variability of crop yields largely depends on climatic factors [14]. The results of this study indicate that
prolonged dry spells appear to create uncertainty in cotton (Gossypium hirsutum) development, corroborating findings
from several authors [7, 15, 16]. Indeed, the analysis showed that the nine sowing dekads selected (from the first dekad
of May to the third dekad of July) are exposed to the risk of dry spells longer than 10 days after sowing. Probabilities
are below 35% for all sowing dekads in the Northern zone, exceed 60% from the third dekad of June in the Central zone,
and approach 80% after the first dekad of June in the Southern zone. This increase in the frequency of dry spells limits
seed germination and early plant growth, often forcing farmers to carry out one or more re-sowing operations. A direct
consequence of cotton being shown during these dekads is poor leaf development due to water stress. These findings
are consistent with those of Traoré et al. [17], who report that sowing outside the recommended windows reduces
optimal growth of young cotton seedlings. Furthermore, Salack et al. [18] indicate that re-sowing leads to additional
production costs in countries with limited seed capital.

Analysis of the probabilities of dry spell occurrence during the flowering phase showed that in the Northern zone,
flowering coincides with probabilities of dry spells longer than 10 days exceeding 40% for sowings carried out in the
third dekad of July. In the Central zone, sowing dekads associated with high probabilities of dry spells during flowering
are the three dekads of May and the first two dekads of June, with probabilities ranging from 50% to 70%. In the
Southern zone, probabilities of dry spells exceed 40% during flowering corresponding to sowings conducted between
the first dekad of May and the second dekad of June, as well as in the third dekad of July. These identified dekads across
the different zones expose the flowering phase to water stress. Since the fruiting period, which begins with flowering,
is critical for the final crop yield, this exposure is particularly important. Indeed, Hennou et al. [19], Snowden et al. [20],
and Singh et al. [21] conclude that any water stress induced by insufficient rainfall during flowering disrupts
physiological processes, leading to flower drop and ultimately reducing yields.

Regarding the boll opening phase, the results show that in the Northern zone, sowings carried out between the first
dekad of May and the second dekad of June are exposed to dry spell probabilities ranging from 0% to 40%. In the Central
zone, low probabilities of dry spells are observed from the first dekad of May to the first dekad of June. In the Southern
zone, probabilities of dry spells remain below 40% for sowings conducted between the first dekad of May and the
second dekad of June. At the end of the cycle, prolonged dry spells are desirable. However, it is observed that sowings
carried out in May (across all zones) and up to the first dekad of June (depending on the zone) are rather exposed to
wet conditions. At this stage of the cycle, wet conditions could negatively affect the quality of the harvested cotton lint.
Moreover, Yerima [22] indicates that rainfall is a major factor in cotton yellowing. This situation may result in the
downgrading of cotton lint to a lower grade, thereby directly reducing market prices. Therefore, dryness should ideally
be as consistent as possible. Indeed, several studies [23-25] suggest that a dry interval of 7 to 14 days represents an
optimal threshold for accelerating boll opening without compromising fiber quality.

5. Conclusion

This study analyzed dry spells lasting more than 10 days throughout the cotton (Gossypium hirsutum) development
cycle in Ivorian cotton production areas. Analysis of the probabilities of dry spell occurrence showed that, for all sowing
dekad scenarios, cotton crops are exposed to climatic risks. This situation represents a limiting factor for cotton
development in the Ivorian cotton areas. It is therefore essential to estimate the timing of these phases, which depend
on sowing dates, to prevent the post-sowing and flowering periods from coinciding with dry spells, and to avoid boll
opening coinciding with rainy periods. Accordingly, it is recommended to adjust sowing dates based on seasonal
forecasts, use drought-tolerant varieties, and strengthen soil and water conservation practices in the most exposed
areas. The implementation of an agro-climatic early warning system could also serve as an effective strategy to
anticipate dry spells and mitigate their impacts on cotton production in Cote d’Ivoire.
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